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Attorney Docket: 1727/51019 
PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: DANIEL TEBOUL 
Serial No.: 10/070,932 
Filed: MARCH 14, 2002 

Title: DEVICE FOR TREATING AN INTERNAL COMBUSTION 

ENGINE EXHAUST GASES 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the claims prior to the 
examination of the application. 

IN THE CLAIMS: 

Please add the following new claims: 

35. (New) A treatment device according to claim 17, further comprising 
a finishing filter. 

36. (New) A treatment device according to claim 18, further comprising 
a finishing filter. 

(Applicant's Remarks are set forth hereinbelow, starting on the following 

page.) 




- -'ijTO^'ogisp ,n7:f9nr' 

'* . Attorney Docket: 1727/Q1019 S 

REMARKS £ '*>■ > 

Entry of the amendments to the claims before examination' of theV 
application is respectfully requested. 

If there are any questions regarding this Preliminary Amendment or this 
application in general, a telephone call to the undersigned would be appreciated 
since this should expedite the prosecution of the application for all concerned. 

Respectfully submitted, 

July 19, 2002 




Jeffrey B/ Sanok 
Registration No. 32,169 
Song Zhu 

Registration No. 44,420 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 
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Attorney Docket: 1727/51019 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: DANIEL TEBOUL 

Serial No.: 10/070,932 Group Art Unit: 

Filed: MARCH 14, 2002 Examiner: 

Title: DEVICE FOR TREATING AN INTERNAL COMBUSTION 

ENGINE EXHAUST GASES 



SUPPLEMENTAL PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the specification prior to the 
examination of the application. 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

On Page 13, please amend Paragraphs [0069] and [0070] as follows: 

[0069] All of these elements are housed in two cylindrical casings 160, 160', 
heat-insulated at least at the location of filter 110 and of oxidation catalyst 120, 
which communicate with one another, and form, in the case of the motor vehicle 
in Figure 3, a part of the exhaust system between the exhaust manifold and the 
silencer of the said vehicle. 

[0070] In this case the mechanical filter 110 is fixed to a removable cover 161, 
sealing the end upstream of the longitudinal cylindrical casing 160 and provided 
with the inlet 102. 
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On Page 14, please amend Paragraph [0072] as follows: 

[0072] As can be seen in Figure 2, this mechanical filter 110 defines a forced 
channel for the exhaust gases entering the treatment device 100 via inlet 102. 

On Page 17, please amend Paragraph [0092] as follows: 

[0092] The exhaust gases leaving the electrostatic filter then arrive in a 
pressure reduction chamber 164 formed by the zone located between the 
downstream end of electrostatic filter 130 and the cover 162. This chamber 164 
communicates by a cylindrical connector 165 with the interior of the cylindrical 
casing 160', so as to convey the exhaust gases to the second electrostatic filter 
130'. 

On Page 18, please amend Paragraphs [00100], [00101], and [00103] as 

follows: 

[00100] To counter the backpressure effects that are harmful to proper 
operation of the engine, treatment device 1 preferably has aspirating means 150 
downstream of the second electrostatic filter 130' and before the outlet 103. 
These aspirate the exhaust gases circulating in the casings 160 and 160', and 
comprise, for this purpose, an aspirating turbine 151 driven by a motor 152. 

[00101] As shown in Figure 3, the device for treating exhaust gases 100 is 
installed in the exhaust system of a diesel-engined motor vehicle 200, using 
known means of installation, between the exhaust manifold and the silencer 170 
of the said vehicle. 

[00103] With a treatment device 100 of this type, the exhaust gases from the 
vehicle 200 are treated particularly efficiently, both from the standpoint of the 
gaseous pollutants and of the polluting particulates. Moreover, this device is 
easily installed on vehicle 200 and is easy to maintain. Furthermore, its cost 
price is relatively moderate in relation to the advantages it provides. 
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REMARKS 



Entry of the amendments to the specification before examination of the 
application is respectfully requested. 

If there are any questions regarding this amendment or the application in 
general, a telephone call to the undersigned would be appreciated since this 
should expedite the prosecution of the application for all concerned. 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 

JDS:SZ:tlm (CAM#: 37107.002) 



Respectfully submitted, 



May 14, 2002 




Jeff rey as^ok 
Registration No. 32,169 
Song Zhu 

Registration No. 44,420 
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VERSION WITH MARKINGS SHOWING CHANGES MADE 
IN THE SPECIFICATION: 

The specification has been amended as follows: 

On Page 13, Paragraphs [0069] and [0070] have been amended as follows: 

[0069] All of these elements are housed in two cylindrical casings [60, 60',] 
160, 160\ heat-insulated at least at the location of filter 110 and of oxidation 
catalyst 120, which communicate with one another, and form, in the case of the 
motor vehicle in Figure 3, a part of the exhaust system between the exhaust 
manifold and the silencer of the said vehicle. 

[0070] In this case the mechanical filter 110 is fixed to a removable cover 161, 
sealing the end upstream of the longitudinal cylindrical casing 160 and provided 
with the inlet 102. 

On Page 14, Paragraph [0072] has been amended as follows: 

[0072] As can be seen in Figure 2, this mechanical filter 110 defines a forced 
channel for the exhaust gases entering the treatment device 100 via inlet 102. 

On Page 17, Paragraph [0092] has been amended as follows: 

[0092] The exhaust gases leaving the electrostatic filter then arrive in a 
pressure reduction chamber 164 formed by the zone located between the 
downstream end of electrostatic filter 130 and the cover 162. This chamber 164 
communicates by a cylindrical connector [65] 165 with the interior of the 
cylindrical casing 160', so as to convey the exhaust gases to the second 
electrostatic filter 130'. 
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On Page 18, Paragraphs [00100], [00101], and [00103] have been 
amended as follows: 

[00100] To counter the backpressure effects that are harmful to proper 
operation of the engine, treatment device 1 preferably has aspirating means 150 
downstream of the second electrostatic filter 130 f and before the outlet 103. 
These aspirate the exhaust gases circulating in the casings 160 and 160', and 
comprise, for this purpose, an aspirating turbine 151 driven by a motor 152. 

[00101] As shown in Figure 3, the device for treating exhaust gases 100 is 
installed in the exhaust system of a diesel-engined motor vehicle 200, using 
known means of installation, between the exhaust manifold and the silencer 170 
of the said vehicle. 

[00103] With a treatment device 100 of this type, the exhaust gases from the 
vehicle [4] 200 are treated particularly efficiently, both from the standpoint of 
the gaseous pollutants and of the polluting particulates. Moreover, this device is 
easily installed on vehicle [4] 200 and is easy to maintain. Furthermore, its cost 
price is relatively moderate in relation to the advantages it provides. 
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Attorney Docket: 1727/51019 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: DANIEL TEBOUL 

Serial No.: TO BE ASSIGNED PCT NO.: PCT/FR00/02549 
Filed: MARCH 13, 2002 

Title: DEVICE FOR TREATING THE EXHAUST GASES FROM AN 

INTERNAL COMBUSTION ENGINE 



PRELIMINARY AMENDMENT 

Box PCT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Please enter the following amendments to the specification and claims 
prior to the examination of the application. 

IN THE SPECIFICATION: 

A substitute specification and a marked-up copy thereof are attached 
herewith. 

IN THE CLAIMS: 

Please cancel all of the claims presently in the application and substitute 
new claims 17-34 as follows: 

17. (New) A device for treating a particle-laden gaseous medium, 
having at least one corona-effect electrostatic filter, comprising: 
a longitudinal casing; 



PCTNO.: PCT/FR00/02549 
Attorney Docket No. 1727/51019 

a longitudinal channel for the gaseous medium, the channel 
extending in the casing and having two opposite ends adjacent to a gas inlet and 
outlet of the electrostatic filter, respectively; 

an emitting structure extending longitudinally and roughly at the 
center of the channel; and 

a collecting structure extending longitudinally between the channel 
and the casing and comprising a plurality of cavities forming sites for trapping 
the particles contained in the gaseous medium, wherein the emitting structure 
comprises a plurality of serrated plates arranged transversely to the longitudinal 
direction of the channel. 

18. (New) A treatment device according to claim 17, wherein the 
serrated plates includes stars that are to be connected to a circuit supplying a 
stabilized high voltage. 

19. (New) A treatment device according to claim 17, wherein the 
collecting structure comprises a separator made from metal wire fabric. 

20. (New) A treatment device according to claim 19, wherein the 
separator is of a cylindrical shape and surrounds the serrated plates of the 
emitting structure, aligned on the axis of a cylindrical shape of the collecting 
structure. 

21. (New) A treatment device according to claim 17, wherein the 
emitting structure and the collecting structure are mounted on a supporting 
structure with which they form a removable filter cartridge of the treatment 
device. 

- 2 - 
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22. (New) A treatment device according to claim 17, wherein the 
serrated plates alternate with perforated washers or rings that are arranged 
transversely to the longitudinal direction of the channel. 

23. (New) A treatment device according to claim 17, comprising a gas 
inlet and outlet extending transversely to the longitudinal channel for these 
gases, wherein the serrated plates are carried by a rod connected to a circuit that 
supplies a stabilized high voltage and which is carried, at each of its ends, by an 
insulator protected by a bell. 

24. (New) A treatment device according to claim 23, comprising a 
second electrostatic filter having metal stars carried by one face of a perforated 
metal disk connected to the circuit supplying a stabilized high voltage and 
mounted upstream of a separator of cylindrical shape, made from a metal wire 
fabric. 

25. (New) A treatment device according to claim 17, comprising an 
oxidation catalyst with monolithic support, upstream of the electrostatic filter. 

26. (New) A treatment device according to claim 25, comprising a 
mechanical filter upstream of the electrostatic filter and of the oxidation catalyst. 

27. (New) A treatment device according to claim 26, wherein the 
mechanical filter comprises a metal mesh filter, defining a forced channel for the 
gaseous medium entering the treatment device and associated with an electrical 
resistance that is able to raise the temperature of the gaseous medium. 

28. (New) A treatment device according to claim 17, comprising at least 
one of an inlet for oxidation air and an inlet for cleaning air. 



- 3 - 



^ - ^ - r|| 0 « ? , jT1[ ^ ■ 2 - ffT v ., , t ^ fl -p, 

PCTNO.: PCT/FR00/02549 
Attorney Docket No. 1727/51019 

29. (New) A treatment device according to claim 17, comprising 
aspirating means downstream of the electrostatic filter. 

30. (New) A treatment device according to claim 28, comprising at least 
one cylindrical casing for housing the electrostatic filter and the oxidation 
catalyst and/or the mechanical filter. 

31. (New) Use of a treatment device as defined by claim 17 for treating 
exhaust gases from an internal combustion engine. 

32. (New) A vehicle equipped with a treatment device as defined by 
claim 17. 

33. (New) Process for treatment of a particle-laden gaseous medium, 
the process comprising the following acts: 

generating turbulences in the gaseous stream, 

modifying the electrical state by ionization of particles present in 
the gaseous medium, during and/or before the particles are subjected to said 
turbulences, 

deflecting the charged particles towards a collection zone by 
polarizing the collection zone with respect to the charged particles, and 

trapping the particles deflected towards the collection zone in a 
plurality of cavities. 

34. (New) The process according to claim 33, wherein the act of 
polarizing the collection zone includes earthing the collection zone. 
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REMARKS 



Entry of the amendments to the specification and claims before 
examination of the application is respectfully requested. 

If there are any questions regarding this Preliminary Amendment or this 
application in general, a telephone call to the undersigned would be appreciated 
since this should expedite the prosecution of the application for all concerned. 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 

JDS:SZ:tlm 
(CAM#: 37107.002) 



Respectfully submitted, 



March 13, 2002 




Song Zhu 

Registration No. 44,420 
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MARCH 13, 2002 
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Title: 



DEVICE FOR TREATING THE EXHAUST GASES FROM AN 
INTERNAL COMBUSTION ENGINE 

SUBMISSION OF SUBSTITUTE SPECIFICATION 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Attached is a Substitute Specification and a marked-up copy of the 
original specification. I certify that said substitute specification contains no new 
matter and includes the changes indicated in the marked-up copy of the original 
specification. 



March 13, 2002 



CROWELL & MORING, LLP 
Intellectual Property Group 
P.O. Box 14300 
Washington, DC 20044-4300 
Telephone No.: (202) 624-2500 
Facsimile No.: (202) 628-8844 

JDS:SZ:tlm 
(CAM#: 37107.002) 



Respectfully submitted, 




Jeffrey Dr'Sanok 
Registration No. 32,169 
Song Zhu 

Registration No. 44,420 
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DEVICE FOR TREATING THE EXHAUST GASES 
FROM AN INTERNAL COMBUSTION ENGINE 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] The present invention relates to the treatment of a gaseous medium 
laden with particles and in particular of solid, liquid or gaseous pollutants or 
impurities contained in a gaseous medium, such as the exhaust gases from an 
internal combustion engine. 

[0002] A particular, but not exclusive, application is purification of the 

exhaust gases of a diesel engine. 

[0003] The pollutants issuing from exhaust systems include: 

- carbon compounds: CO, CO2; 

- nitrogen compounds: NO, NO2 (usually called nitrogen oxides 
NOx) etc., 

- organic compounds, such as hydrocarbons (HC) etc.; 

- sulphur compounds: SO2, SO3, etc.; 
organic particles; 

etc. 

[0004] Emissions of organic particles are especially characteristic of diesel 
engines and are composed of a carbon-containing material (soot), on which 
various organic species are adsorbed (SOF: Soluble Organic Fraction). 
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[0005] Numerous methods and devices for treating the exhaust gases from an 
internal combustion engine have already been proposed previously. 

[0006] In particular, the use of oxidation catalysts on a particulate support 

or a monolithic support is known, especially for oxidizing CO and unburnt 
hydrocarbons. 

[0007] For the particles from diesel engines, there are also trapping 

systems that can be regenerated. 

[0008] Devices for treating gases employing corona-effect electrostatic 

filters are also known, in particular from documents EP-A-0299 197 (US-A-4 871 
515) and US-A-4 478 613. 

[0009] The devices in these two documents operate according to different 

principles. Thus, in the case of the device to which the first of these two 
documents relates, the particles are to be trapped in a collecting structure, 
whereas with the device described in the second of these two documents the 
particles form agglomerates on the collecting structure which are then detached 
from this collecting surface and are entrained by the stream of gases circulating 
in the device, before being separated from the latter by means of a mechanical 
separator. 

[0010] The invention aims to improve the known treatment devices, in 

particular with respect to their efficiency. 
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[0011] It also aims to provide a treatment device that is compact, 

inexpensive and easy to manufacture. 

[0012] To this end, it proposes a device for treating a particle-laden 

gaseous medium, having at least one corona-effect electrostatic filter comprising: 

a longitudinal casing; 

a longitudinal channel for the gases, extending in the casing and 
with its two opposite ends adjacent to the gas inlet and outlet of 
the electrostatic filter, respectively; 

- an emitting structure extending longitudinally and roughly at 
the centre of the channel; and 

- a collecting structure extending longitudinally between the 
channel and the casing and comprising a plurality of cavities 
forming sites for trapping the particles contained in the gaseous 
medium; 

characterized in that 
the emitting structure comprises a plurality of serrated plates arranged 
transversely to the longitudinal direction of the channel. 

[0013] A treatment device of this kind meets the requirements that have just 
been mentioned. In particular, this device proves to be especially efficient in 
terms of collection of particles, as will be described in more detail later. 
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[0014] For reasons of efficiency of collection and ease of manufacture, the 
serrated plates are constituted of stars that are to be connected to a circuit 
supplying a stabilized high voltage (several kV). % 

[0015] A washer with a star-shaped central recess might, for example, also be 
suitable. 

[0016] Other solid or perforated geometric shapes preferably having a 
plurality of vertices directed towards the collecting structure can be arranged 
between these stars. These geometric shapes can, for example, consist of washers 
or rings perforated with holes of various diameters. 

[0017] A possible form of the circuit supplying a stabilized high voltage 
consists of providing a converter or transformer supplying a voltage between 0 
and 15 kV controlled by a regulator. 

[0018] Preferably, the voltage applied is negative and greater than about 6 
kV. 

[0019] Also for reasons of efficiency, the collecting structure preferably 
includes a separator or mat-type eliminator made from metal wire fabric. 

[0020] According to the preferred embodiment, the metallic fabric has a 
herringbone structure that facilitates penetration of the particles into the fabric. 

[0021] As a variant, it will also be possible to employ, for example, a collecting 
structure provided with grooves, channels, flutes etc. 



- 4 - 



Substitute Specification 
PCT/FR00/02549 
Attorney Docket No. 1727/51019 

[0022] According to the preferred embodiment, the separator is of cylindrical 
shape and surrounds the serrated plates of the emitting structure, aligned on the 
axis of the cylindrical shape of the collecting structure. 

[0023] Advantageously, in this case, the emitting structure and the collecting 
structure are mounted on a supporting structure, with which they form a 
removable filter cartridge of the treatment device. 

[0024] In the case of a treatment device in which the gas inlet and outlet 
extend transversely to the longitudinal channel for the gases, the serrated plates 
are, preferably, carried by a rod connected to the circuit supplying a high voltage 
and which is carried, at each of its ends, by an insulator protected by a bell- 
shaped cover (bell). 

[0025] To increase the efficiency of collection, the treatment device can, 
advantageously, have a second electrostatic filter, original in itself, and having 
metal stars carried by one face of a perforated metal disk connected to the circuit 
supplying a stabilized high voltage and mounted upstream of a separator of 
cylindrical shape, made from a metal wire fabric. 

[0026] For treating the gaseous pollutants, the treatment device preferably 
also has an oxidation catalyst with a monolithic support upstream of the 
electrostatic filter or filters. 

[0027] This treatment device can also include a mechanical filter upstream of 
the electrostatic filter or filters and, if appropriate, of the oxidation catalyst, for 
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example for retaining oily emulsions by using a devesiculating filter, for example 
of the inverted-V impact type. 

[0028] In accordance with a configuration that is original in itself, the 
mechanical filter comprises a metal mesh filter, i.e. it is made from a metal wire 
fabric or metallic fabric, defining a forced channel for the gaseous medium 
entering the treatment device and associated with an electrical resistance for 
raising the temperature of the gaseous medium. 

[0029] This filtering structure makes it possible to raise the temperature of 
the gaseous medium to the working temperature of the oxidation catalyst. In 
particular, however, it provides a treatment device that is especially compact, by 
causing combustion of particles retained in the filter. The result of this is that a 
smaller quantity of particles has to be treated by the electrostatic filter or filters, 
and it is therefore possible to reduce the size of the treatment device. 

[0030] The said treatment device can also be provided with an inlet for air for 
oxidation and/or an inlet for air for cleaning. 

[0031] To combat the backpressure effects that adversely affect the operation 
of an internal combustion engine and are associated with a device of this type, 
the latter can also be provided with aspirating means downstream of the 
electrostatic filter or filters. 

[0032] In the preferred embodiment, the treatment device has, in addition, at 
least one cylindrical casing for housing the electrostatic filter or filters and, if 
appropriate, the oxidation catalyst and/or the mechanical filter. 
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[0033] The present invention relates, finally, to a vehicle equipped with a 
treatment device as defined above. 

[0034] Other objects, characteristics and advantages of the present invention 
will become clear from the description given below, which refers to the appended 
drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Figure 1 is a schematic diagram of a device for treating exhaust gases 
according to a preferred embodiment of the present invention, 

[0036] Figure 2 is a schematic diagram of a device for treating exhaust gases 
in several stages, according to another embodiment of the present invention; and 

[0037] Figure 3 is a diagram illustrating a motor vehicle equipped with the 
device shown in Figure 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0038] Before proceeding to describe these diagrams, we shall briefly recall 
the operating principle of a corona-effect electrostatic filter. 

[0039] An electrostatic filter of this type is based on a combination of the 
aspect of particle charging by creating ions, and collection of the particles under 
the action of a local electric field. The energy for this phenomenon of excitation 
and ionization can be supplied by electromagnetic radiation or by transfer of 
kinetic energy by impacts. 
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[0040] The corona effect corresponds to ionization of the gas when the electric 
field reaches a breakdown gradient. 

[0041] The device 1 for treating the exhaust gases from an internal 
combustion engine in Figure 1 has at least one longitudinal cylindrical casing 10 
closed at its ends by two covers 11 and 12 and which houses a cartridge 20 
provided with a corona-effect electrostatic filter. 

[0042] This cartridge 20 has a cylindrical cage 21 made of perforated sheet 
metal forming the casing of the said cartridge. Two diametrically opposite 
openings 22 and 23 are made in the said cage 21 to allow the gases to enter and 
leave cartridge 20. These openings 22 and 23 communicate with corresponding 
channels of casing 10 for gas inlet and outlet. Each of these openings 22 and 23 
is, in addition, arranged in the longitudinal direction of cartridge 20, between a 
collecting structure 24 and an insulator 25, 26 carrying the emitting structure 27 
of the corona-effect electrostatic filter. 

[0043] The collecting structure 24 is made in one piece from metal wire fabric, 
surrounding the emitting structure 27 between the two openings 22 and 23. In 
this way it delimits a longitudinal cylindrical channel 28 for the gases, the two 
opposite ends of which are adjacent to the two openings 22 and 23. The metallic 
fabric of the said collecting structure 24 has, in addition, a plurality of cavities 
forming sites for trapping the particles contained in the gaseous medium passing 
through channel 28, as will be described in more detail later. 
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[0044] Furthermore, the herringbone structure of this fabric facilitates 
penetration of the particles into the bulk of the fabric. 

[0045] The emitting structure 27 has a central rod 29 that extends axially and 
is carried by the insulators 25 and 26 that it passes over. At one of its ends it has 
a terminal 30 for connection to a circuit supplying a stabilized high voltage (not 
shown in Figure 1) of the type comprising a converter that supplies a negative 
voltage between 0 and 15 kV, controlled by means of a regulator. The said 
converter is to be connected to the battery of a vehicle to which treatment device 
1 is fitted. 

[0046] An opening 31 made in cover 11 permits passage of a connecting cable 
from terminal 30 to the said high- voltage circuit. Cage 21, and therefore 
collecting structure 24, are for their part connected to earth. 

[0047] In the embodiment illustrated in Figure 1, the serrated plates forming 
emitting components, mounted on rod 29, are made up of several metallic stars 
32, i.e. a solid central support provided at its periphery with triangular arms 
whose points are directed towards collecting structure 24. The said stars 32 are 
arranged transversely to the longitudinal direction of channel 28 and the first 
one of them is located opposite gas inlet hole 22. Here, the number of arms is 
eight. 

[0048] Furthermore, the said stars 32 alternate with metal washers or rings 
33 that are perforated with holes of various diameters. Here, these washers or 
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rings 33 have the same diameter as the stars 32 and are mounted on rod 29 so as 
to be arranged transversely to the longitudinal direction of channel 28. 

[0049] The insulators 25 and 26 are made of vitrified ceramic and each has an 
end disk 34, 35 covering the openings defined by cage 21 at its two longitudinal 
ends. A tubular central part 36, 37 surrounds rod 29 and extends the 
corresponding disk 34, 35 towards the interior of cage 21. The outside diameter 
of each of these tubular parts 36, 37 is less than that of the disks 34, 35. 

[0050] In addition, a bell 38, 39 is fixed on each of these tubular parts 36, 37, 
on the side of the latter opposite the side with connection to the respective disk 
34, 35. 

[0051] These bells 38, 39, with diameter smaller than that of disks 34, 35, are 
close to the openings 22 and 23 and have the function of protecting the insulators 
25 and 26 from the particle-laden gaseous medium. 

[0052] Each of the tubular parts 36, 37 of insulators 25 and 26 is, in addition, 
also protected by two concentric deflectors surrounding the said tubular parts 36, 
37. 

[0053] The deflectors fixed respectively to disk 34 and to bell 38 have the 
numerical designations 40 and 41 whereas the deflectors fixed respectively to 
disk 35 and to bell 39 have the numerical designations 42 and 43. Each pair of 
concentric deflectors thus forms a baffle for the flow of gas in cartridge 20. 
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[0054] Finally, a handle 44 fixed to disk 35 permits easy withdrawal of 
cartridge 20 from casing 10. 

[0055] In operation, the stars 32 not only act as emitting structures of the 
corona-effect electrostatic filter, but also make it possible to generate turbulence 
and local perturbations, notably having the effect of deflecting the particles 
towards the collecting structure 24 while accelerating them, though without 
causing particles already trapped in the said collecting structure 24 to fly up 
again. 

[0056] The said turbulence and perturbations are increased by the presence of 
the perforated washers or rings 33 arranged between the stars 32. 

[0057] The efficiency of such a system was measured in the presence and in 

the absence of stars. In both cases, the treatment device was without washers or 

i 

rings, of the type bearing the numerical designation 33 in Figure 1. The 
treatment device that was tested consisted of a metal casing containing two 
metallic filter cartridges of the type bearing the numerical designation 20 in 
Figure 1. The electrostatic filters of these cartridges was supplied with a 
stabilized high voltage of -10 kV. 

[0058] The device was mounted at the back of a Peugeot® 406 HDI vehicle 
equipped with a catalyst, but from which the silencer had been removed. 

[0059] The tests were carried out on rolling roads according to the UDC 
(urban driving cycle) and EUDC (extra urban driving cycle) vehicle type- 
approval tests. The collection efficiency of the treatment device was measured by 
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the weight difference between the raw emissions (without treatment device) and 
the emissions in the presence of treatment devices fitted at exhaust outlet. 

[0060] These tests were performed on the basis of standard NF EN ISO 8178- 
1 to 8. 

[0061] These tests revealed unexpected results. In fact, the presence of stars 
made it possible to double the collection efficiency and achieve particularly high 
average values of the order of 80%. 

[0062] It will also be appreciated that the backpressure generated in this 
treatment device is minimal and does not increase as collecting structure 24 
becomes clogged. 

[0063] It should also be noted in this regard that it is relatively easy to clean 
the said collecting structure 24. In fact, all that is required is to withdraw the 
cartridge from casing 10 by sliding it in the latter, and then immerse it for 
example in an ultrasonic bath. 

[0064] As a variant, cleaning can be effected by incorporating an electrical 
resistance in collecting structure 24 for the purpose of burning the particles and , 
regenerating the collecting structure 24 or by injecting air and aspirating by 
means of a Venturi system. 

[0065] Furthermore, increase in thickness of the metallic fabric of the said 
collecting structure 24 also makes it possible to lessen the noise produced by the 
gases during their passage through treatment device 1. 
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[0066] It will further be appreciated that the said treatment device 1 makes it 
possible to produce ozone, in particular by reducing, to an acceptable extent, the 
space between stars 32 and the collecting structure 24. This ozone has the 
advantageous effect of oxidizing certain gaseous compounds present in exhaust 
gases. 

[0067] The multi-stage treatment device 100 in Figure 2 includes, from 
upstream to downstream, i.e. between an inlet 102 and an outlet 103, a 
mechanical filter 110, an oxidation catalyst 120, a first electrostatic filter 130, a 
second electrostatic filter 130 T and aspirating means 150. 

[0068] - As with device 1 in Figure 1, it is a device for treating exhaust gases 
from a diesel engine. 

[0069] All of these elements are housed in two cylindrical casings 60, 60', 
heat-insulated at least at the location of filter 110 and of oxidation catalyst 120, 
which communicate with one another, and form, in the case of the motor vehicle 
in Figure 3, a part of the exhaust system between the exhaust manifold and the 
silencer of the said vehicle. 

[0070] In this case the mechanical filter 110 is fixed to a removable cover 161, 
sealing the end upstream of the longitudinal cylindrical casing 160 and provided 
with the inlet 2. 

[0071] This mechanical filter 110 has two concentric cylinders made of 
perforated sheet metal 111, 112 having the form of a strainer. A heating 
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electrical resistance 113 and a multilayer metallic fabric 114 are placed between 
these two cylinders 111, 112. 

[0072] As can be seen in Figure 2, this mechanical filter 110 defines a forced 
channel for the exhaust gases entering the treatment device 1 via inlet 2. 

[0073] The electrical resistance 113 is known in itself, of the type having a 
temperature control. In this regard, a temperature-detecting probe 115 is 
provided in the region of filter 110. Furthermore, in the present case this 
resistance 113 is in the form of a spiral and surrounds the inner perforated 
cylinder 112. 

[0074] Moreover, it is intended to be supplied by the vehicle's battery to raise 
the temperature of the exhaust gases passing through mechanical filter 110. 

[0075] The said mechanical filter 110 makes it possible, if necessary, to bring 
the exhaust gases up to the working temperature of the oxidation catalyst 120, 
and trap at least a proportion of the particles contained in the exhaust gases and 
bring about their combustion. 

[0076] In this regard, in order to lower the temperature at which oxidation of 
the carbon-containing particles commences, the metallic fabric 114 is, in this 
case, coated with copper oxide. 

[0077] In practice, the electrical resistance 113 will therefore be chosen for 
raising the temperature of the exhaust gases to at least 200-300°C, the 
maximum being between 700 and 800°C. 
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[0078] The exhaust gases leaving the continuous-regeneration mechanical 
filter 110 then pass through oxidation catalyst 120. The latter has a monolithic 
support made of ceramic or of metal and is mainly intended for ensuring the 
oxidation of carbon monoxide (CO), nitric oxide (NO) and hydrocarbons (HC). 

[0079] In this regard, if we wish to favour the oxidation of CO and 
hydrocarbons, to the detriment of NO, it would be possible to install an air inlet 
valve upstream of oxidation catalyst 120. In this case this air will also serve to 
favour combustion in filter 110. 

[0080] The exhaust gases leaving oxidation catalyst 120 will then be treated 
by the first corona-effect electrostatic filter 130, which is intended to trap at least 
a proportion of the particles contained in the exhaust gases that were not 
retained by mechanical filter 110. 

[0081] This electrostatic filter 130 has an emitting structure 131 upstream of 
a collecting structure 132. More precisely, the emitting structure comprises a 
perforated disk 133 that has metal stars 134 projecting from the face of disk 133 
opposite the oxidation catalyst 120. 

[0082] This perforated disk 133 is carried by a threaded rod 135 that extends 
axially and is carried by two disks 136a, 136b of perforated sheet metal enclosing 
the collecting structure 132. These disks 136a, 136b are larger in diameter than 
disk 133 and fit snugly in casing 160. 

[0083] The downstream end of threaded rod 135 passes through a removable 
cover 162 sealing the downstream end of casing 160. This end is to be connected 
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to a transformer box 163, which is to be connected to the vehicle's battery so that 
a stabilized high voltage (in practice about 110 kV) can be applied to electrostatic 
filter 130. 

[0084] In this regard, in order to isolate the emitting structure 131 from the 
collecting structure 132, the threaded rod 135 passes through the perforated 
disks 136a, 136b via ceramic insulators 137a-137c. 

[0085] Nuts 138a-138d are arranged on either side of insulators 137a-137c 
and of perforated disk 133 for joining together the disks 133, 136a and 136b and 
the threaded rod 135. Moreover, it will be observed, in the case of the present 
embodiment, that these disks 133, 136a and 136b extend perpendicularly to the 
threaded rod 135. 

[0086] The collecting structure 132, connected to earth here, comprises a 
metallic fabric 140, surrounding the insulator 137b and the rod 135, forming a 
plurality of cavities and extending between insulator 137b and the casing 160. 
As with metallic fabric 114, this last-mentioned fabric 140 is in this case 
multilayer. 

[0087] As is also shown in Figure 2, the shafts carrying the stars 134 extend 
axially. Furthermore, in this case these stars 134 have eight triangular arms. 

[0088] In addition, there is also provided, in the region of the first electrostatic 
filter 130, a system for cleaning by air, permitting regular cleaning before 
dismantling it for more thorough cleaning. This system includes, on the one 
hand, a non-return valve 141 for air injection at one of the ends of the receiving 
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zone of the first electrostatic filter 130 and a connector 142 mounted on cover 
162, to which aspirating means will be connected when it is desired to clean the 
electrostatic filter 130. 

[0089] By the action of electrostatic filter 130, the particles that were able to 
pass through mechanical filter 110 are charged and then attracted by the 
collecting structure 132, where they are trapped in the porous volume formed by 
the metallic fabric 140. 

[0090] Through the use of stars 134, the structure 131 forming the emitting 
electrode permits efficient charging of the particles, whereas the collecting 
structure 132 permits efficient retention of at least a proportion of the particles 
passing through electrostatic filter 130, within the cavities of fabric 140. 

[0091] Furthermore, perforated disk 133 ensures optimum distribution of the 
exhaust gases prior to passage through the collecting structure 132. 

[0092] The exhaust gases leaving the electrostatic filter then arrive in a 
pressure reduction chamber 164 formed by the zone located between the 
downstream end of electrostatic filter 130 and the cover 162. This chamber 164 
communicates by a cylindrical connector 65 with the interior of the cylindrical 
casing 160', so as to convey the exhaust gases to the second electrostatic filter 
130'. 

[0093] The latter is similar to that shown in Figure 1, in that the emitting 
structure 131' is formed by metal stars 134' mounted on a threaded rod 135'. 
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[0094] These metal stars, also with eight arms here, are thus aligned on the 
axis of casing 160'. Furthermore, they have an angular offset relative to one 
another. 

[0095] In addition, there are perforated metal disks 136'a, 136 ? b, insulators 
13Ta-13Td and nuts 138 f a-1381. 

[0096] Moreover, collecting structure 132* is formed by a cylinder of perforated 
sheet metal 139 ? extending axially, surrounding the stars 134' and surrounded by 
a metallic fabric 140*, forming a plurality of cavities. 

[0097] The emitting structure 131* is, in this case, also supplied with a 
stabilized high voltage (5 kV) by means of transformer box 163. 

[0098] On account of this second corona-effect electrostatic filter 130', it is 
possible for the exhaust gases to be treated once more in order to retain an 
additional quantity of particles, in particular those that might have escaped from 
corona-effect electrostatic filter 130 by flying back up. 

[0099] It will also be noted that these electrostatic filters 130, 130' consist of 
cartridges that are easily installed in or removed from casings 160 and 160', 
respectively, after removing covers 162 and 162', respectively. 

[00100] To counter the backpressure effects that are harmful to proper 
operation of the engine, treatment device 1 preferably has aspirating means 150 
downstream of the second electrostatic filter 130' and before the outlet 3. These 
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aspirate the exhaust gases circulating in the casings 160 and 160', and comprise, 
for this purpose, an aspirating turbine 151 driven by a motor 152. 

[00101] As shown in Figure 3, the device for treating exhaust gases 1 is 
installed in the exhaust system of a diesel-engined motor vehicle 200, using 
known means of installation, between the exhaust manifold and the silencer 170 
of the said vehicle. 

[00102] Operation of the electrical resistance 113, transformer box 163 and the 
aspirating means 150 can be managed by the engine management systems that 
are already present on vehicle 200, by adapting them, or alternatively by an 
additional management system that is independent or is coupled to the existing 
systems. 

[00103] With a treatment device 1 of this type, the exhaust gases from the 
vehicle 4 are treated particularly efficiently, both from the standpoint of the 
gaseous pollutants and of the polluting particulates. Moreover, this device is 
easily installed on vehicle 4 and is easy to maintain. Furthermore, its cost price 
is relatively moderate in relation to the advantages it provides. 

[00104] It will be noted in general that the treatment device of the present 
invention can be used for treating all types of exhaust gases from an internal 
combustion engine (diesel, petrol, gas) of any vehicle (car, boat, etc.). It can even 
be installed on a truck for treating the exhaust gases from a vehicle undergoing 
repairs in a garage, or in underground tunnels where the gaseous environment is 
laden with pollutants. 
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[00105] Of course, the present application is in no way limited to the 
embodiment that was chosen and illustrated, but encompasses any variant 
within the capability of a person skilled in the art. 

[00106] In particular, the oxidation catalyst with monolithic support can be 
replaced with an oxidation catalyst with a particulate support or any other 
oxidation catalyst, such as a three-way catalytic converter, or can simply consist 
of an oxidation catalyst that is already present on the vehicle. 

[00107] In addition, it is possible to employ several electrostatic filters of the 
type shown in Figure 1, one after another, and if necessary in several cylindrical 
casings, if the cylinder capacity of the internal combustion engine so requires. It 
is also possible to use the first electrostatic filter 130 without the second 
electrostatic filter 130 ? and vice versa. 

[00108] The cylinders of perforated sheet metal used in the embodiment of 
Figure 1 can also be replaced with cylinders made from wire mesh or from 
expanded metal. 

[00109] Other mechanical filters, such as inverted-V impact-type 
devesiculating filters or finishing filters, can supplement the treatment device 
100 in Figure 2 or replace filter 110 or one of the two electrostatic filters 130, 
130 f . The use of these mechanical filters may be of interest for optimizing the 
distribution of the gases or for reducing the noise generated by the device at its 
outlet. 
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[00110] The electrical resistance 113 can be replaced with a resistance having a 
different configuration. Discontinuous operation of the latter can also be 
envisaged. 

[00111] A system for cleaning with air can also be envisaged for cleaning the 
second electrostatic filter 130*. 
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DEVICE FOR TREATING THE EXHAUST GASES 
FROM AN INTERNAL COMBUSTION ENGINE 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] The present invention relates to the treatment of a gaseous medium 
laden with particles and in particular of solid, liquid or gaseous pollutants or 
impurities contained in a gaseous medium, such as the exhaust gases from an 
internal combustion engine. 

[0002] A particular, but not exclusive, application is purification of the 

exhaust gases of a diesel engine. 

[0003] The pollutants issuing from exhaust systems include: 

- carbon compounds: CO, CO2; 

- nitrogen compounds: NO, NO2 (usually called nitrogen oxides 
NO x ) etc., 

- organic compounds, such as hydrocarbons (HC) etc.; 

- sulphur compounds: SO2, SO3, etc.; 

- organic particles; 
etc. 

[0004] Emissions of organic particles are especially characteristic of diesel 
engines and are composed of a carbon-containing material (soot), on which 
various organic species are adsorbed (SOF: Soluble Organic Fraction). 



MARKED Substitute Specification 
PCT/FR00/02549 
Attorney Docket No. 1727/51019 

[0005] Numerous methods and devices for treating the exhaust gases from an 
internal combustion engine have already been proposed previously. 

[0006] In particular, the use of oxidation catalysts on a particulate support 

or a monolithic support is known, especially for oxidizing CO and unburnt 
hydrocarbons. 

[0007] For the particles from diesel engines, there are also trapping 

systems that can be regenerated. 

[0008] Devices for treating gases employing corona-effect electrostatic 

filters are also known, in particular from documents EP-A-0299 197 (US-A-4 871 
515) and US-A-4 478 613. 

[0009] The devices in these two documents operate according to different 

principles. Thus, in the case of the device to which the first of these two 
documents relates, the particles are to be trapped in a collecting structure, 
whereas with the device described in the second of these two documents the 
particles form agglomerates on the collecting structure which are then detached 
from this collecting surface and are entrained by the stream of gases circulating 
in the device, before being separated from the latter by means of a mechanical 
separator. 

[0010] The invention aims to improve the known treatment devices, in 

particular with respect to their efficiency. 
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[0011] It also aims to provide a treatment device that is compact, 

inexpensive and easy to manufacture. 

[0012] To this end, it proposes a device for treating a particle-laden 

gaseous medium, having at least one corona-effect electrostatic filter comprising: 

a longitudinal casing; 

- a longitudinal channel for the gases, extending in the casing and 
with its two opposite ends adjacent to the gas inlet and outlet of 
the electrostatic filter, respectively; 

- an emitting structure extending longitudinally and roughly at 
the centre of the channel; and 

- a collecting structure extending longitudinally between the 
channel and the casing and comprising a plurality of cavities 
forming sites for trapping the particles contained in the gaseous 
medium; 

characterized in that 
the emitting structure comprises a plurality of serrated plates arranged 
transversely to the longitudinal direction of the channel [and forming points 
directed towards the collecting structure] . 

[0013] A treatment device of this kind meets the requirements that have just 
been mentioned. In particular, this device proves to be especially efficient in 
terms of collection of particles, as will be described in more detail later. 
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[0014] For reasons of efficiency of collection and ease of manufacture, the 
serrated plates are constituted of stars that are to be connected to a circuit 
supplying a stabilized high voltage (several kV). 

[0015] A washer with a star-shaped central recess might, for example, also be 
suitable. 

[0016] Other solid or perforated geometric shapes preferably having a 
plurality of vertices directed towards the collecting structure can be arranged 
between these stars. These geometric shapes can, for example, consist of washers 
or rings perforated with holes of various diameters. 

[0017] A possible form of the circuit supplying a stabilized high voltage 
consists of providing a converter or transformer supplying a voltage between 0 
and 15 kV controlled by a regulator. 

[0018] Preferably, the voltage applied is negative and greater than about 6 
kV. 

[0019] Also for reasons of efficiency, the collecting structure preferably 
includes a separator or mat-type eliminator made from metal wire fabric. 

[0020] According to the preferred embodiment, the metallic fabric has a 
herringbone structure that facilitates penetration of the particles into the fabric. 

[0021] As a variant, it will also be possible to employ, for example, a collecting 
structure provided with grooves, channels, flutes etc. 
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[0022] According to the preferred embodiment, the separator is of cylindrical 
shape and surrounds the serrated plates of the emitting structure, aligned on the 
axis of the cylindrical shape of the collecting structure. 

[0023] Advantageously, in this case, the emitting structure and the collecting 
structure are mounted on a supporting structure, with which they form a 
removable filter cartridge of the treatment device. 

[0024] In the case of a treatment device in which the gas inlet and outlet 
extend transversely to the longitudinal channel for the gases, the serrated plates 
are, preferably, carried by a rod connected to the circuit supplying a high voltage 
and which is carried, at each of its ends, by an insulator protected by a bell- 
shaped cover (bell). 

[0025] To increase the efficiency of collection, the treatment device can, 
advantageously, have a second electrostatic filter, original in itself, and having 
metal stars carried by one face of a perforated metal disk connected to the circuit 
supplying a stabilized high voltage and mounted upstream of a separator of 
cylindrical shape, made from a metal wire fabric. 

[0026] For treating the gaseous pollutants, the treatment device preferably 
also has an oxidation catalyst with a monolithic support upstream of the 
electrostatic filter or filters. 

[0027] This treatment device can also include a mechanical filter upstream of 
the electrostatic filter or filters and, if appropriate, of the oxidation catalyst, for 
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example for retaining oily emulsions by using a devesiculating filter, for example 
of the inverted-V impact type. 

[0028] In accordance with a configuration that is original in itself, the 
mechanical filter comprises a metal mesh filter, i.e. it is made from a metal wire 
fabric or metallic fabric, defining a forced channel for the gaseous medium 
entering the treatment device and associated with an electrical resistance for 
raising the temperature of the gaseous medium. 

[0029] This filtering structure makes it possible to raise the temperature of 
the gaseous medium to the working temperature of the oxidation catalyst. In 
particular, however, it provides a treatment device that is especially compact, by 
causing combustion of particles retained in the filter. The result of this is that a 
smaller quantity of particles has to be treated by the electrostatic filter or filters, 
and it is therefore possible to reduce the size of the treatment device. 

[0030] The said treatment device can also be provided with an inlet for air for 
oxidation and/or an inlet for air for cleaning. 

[0031] To combat the backpressure effects that adversely affect the operation 
of an internal combustion engine and are associated with a device of this type, 
the latter can also be provided with aspirating means downstream of the 
electrostatic filter or filters. 

[0032] In the preferred embodiment, the treatment device has, in addition, at 
least one cylindrical casing for housing the electrostatic filter or filters and, if 
appropriate, the oxidation catalyst and/or the mechanical filter. 

-6- 
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[0033] The present invention relates, finally, to a vehicle equipped with a 

treatment device as defined above. 

[0034] Other objects, characteristics and advantages of the present invention 
will become clear from the description given below, which refers to the appended 
drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] [-] Figure 1 is a schematic diagram of a device for treating 

exhaust gases according to a preferred embodiment of the present invention, 

[0036] [-] Figure 2 is a schematic diagram of a device for treating 

exhaust gases in several stages, according to another embodiment of the present 
invention; and 

[0037] [-] Figure 3 is a diagram illustrating a motor vehicle equipped 

with the device shown in Figure 2. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0038] Before proceeding to describe these diagrams, we shall briefly recall 

the operating principle of a corona-effect electrostatic filter. 

[0039] An electrostatic filter of this type is based on a combination of the 

aspect of particle charging by creating ions, and collection of the particles under 
the action of a local electric field. The energy for this phenomenon of excitation 
and ionization can be supplied by electromagnetic radiation or by transfer of 
kinetic energy by impacts. 

- 7 - 
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[0040] The corona effect corresponds to ionization of the gas when the 

electric field reaches a breakdown gradient. 

[0041] The device 1 for treating the exhaust gases from an internal 

combustion engine in Figure 1 has at least one longitudinal cylindrical casing 10 
closed at its ends by two covers 11 and 12 and which houses a cartridge 20 
provided with a corona-effect electrostatic filter. 

[0042] This cartridge 20 has a cylindrical cage 21 made of perforated sheet 

metal forming the casing of the said cartridge. Two diametrically opposite 
openings 22 and 23 are made in the said cage 21 to allow the gases to enter and 
leave cartridge 20. These openings 22 and 23 communicate with corresponding 
channels of casing 10 for gas inlet and outlet. Each of these openings 22 and 23 
is, in addition, arranged in the longitudinal direction of cartridge 20, between a 
collecting structure 24 and an insulator 25, 26 carrying the emitting structure 27 
of the corona-effect electrostatic filter. 

[0043] The collecting structure 24 is made in one piece from metal wire 

fabric, surrounding the emitting structure 27 between the two openings 22 and 
23. In this way it delimits a longitudinal cylindrical channel 28 for the gases, the 
two opposite ends of which are adjacent to the two openings 22 and 23. The 
metallic fabric of the said collecting structure 24 has, in addition, a plurality of 
cavities forming sites for trapping the particles contained in the gaseous medium 
passing through channel 28, as will be described in more detail later. 
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[0044] Furthermore, the herringbone structure of this fabric facilitates 

penetration of the particles into the bulk of the fabric. 

[0045] The emitting structure 27 has a central rod 29 that extends axially 

and is carried by the insulators 25 and 26 that it passes over. At one of its ends it 
has a terminal 30 for connection to a circuit supplying a stabilized high voltage 
(not shown in Figure 1) of the type comprising a converter that supplies a 
negative voltage between 0 and 15 kV, controlled by means of a regulator. The 
said converter is to be connected to the battery of a vehicle to which treatment 
device 1 is fitted. 

[0046] An opening 31 made in cover 11 permits passage of a connecting 

cable from terminal 30 to the said high-voltage circuit. Cage 21, and therefore 
collecting structure 24, are for their part connected to earth. 

[0047] In the embodiment illustrated in Figure 1, the serrated plates 

forming emitting components, mounted on rod 29, are made up of several 
metallic stars 32, i.e. a solid central support provided at its periphery with 
triangular arms whose points are directed towards collecting structure 24. The 
said stars 32 are arranged transversely to the longitudinal direction of channel 
28 and the first one of them is located opposite gas inlet hole 22. Here, the 
number of arms is eight. 

[0048] Furthermore, the said stars 32 alternate with metal washers or 

rings 33 that are perforated with holes of various diameters. Here, these washers 



-9- 



* ,TT« O "FT* ^11 K 7» HPT Jl S J 

MARKED Substitute Specification 
PCT/FR00/02549 
Attorney Docket No. 1727/51019 

or rings 33 have the same diameter as the stars 32 and are mounted on rod 29 so 
as to be arranged transversely to the longitudinal direction of channel 28. 

[0049] The insulators 25 and 26 are made of vitrified ceramic and each has 

an end disk 34, 35 covering the openings defined by cage 21 at its two 
longitudinal ends. A tubular central part 36, 37 surrounds rod 29 and extends 
the corresponding disk 34, 35 towards the interior of cage 21. The outside 
diameter of each of these tubular parts 36, 37 is less than that of the disks 34, 
35. 

[0050] In addition, a bell 38, 39 is fixed on each of these tubular parts 36, 

37, on the side of the latter opposite the side with connection to the respective 
disk 34, 35. 

[0051] These bells 38, 39, with diameter smaller than that of disks 34, 35, 

are close to the openings 22 and 23 and have the function of protecting the 
insulators 25 and 26 from the particle-laden gaseous medium. 

[0052] Each of the tubular parts 36, 37 of insulators 25 and 26 is, in 

addition, also protected by two concentric deflectors surrounding the said tubular 
parts 36, 37. 

[0053] The deflectors fixed respectively to disk 34 and to bell 38 have the 

numerical designations 40 and 41 whereas the deflectors fixed respectively to 
disk 35 and to bell 39 have the numerical designations 42 and 43. Each pair of 
concentric deflectors thus forms a baffle for the flow of gas in cartridge 20. 
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[0054] Finally, a handle 44 fixed to disk 35 permits easy withdrawal of 

cartridge 20 from casing 10. 

[0055] In operation, the stars 32 not only act as emitting structures of the 

corona-effect electrostatic filter, but also make it possible to generate turbulence 
and local perturbations, notably having the effect of deflecting the particles 
towards the collecting structure 24 while accelerating them, though without 
causing particles already trapped in the said collecting structure 24 to fly up 
again. 

[0056] The said turbulence and perturbations are increased by the 

presence of the perforated washers or rings 33 arranged between the stars 32. 

[0057] The efficiency of such a system was measured in the presence and 

in the absence of stars. In both cases, the treatment device was without washers 
or rings, of the type bearing the numerical designation 33 in Figure 1. The 
treatment device that was tested consisted of a metal casing containing two 
metallic filter cartridges of the type bearing the numerical designation 20 in 
Figure 1. The electrostatic filters of these cartridges was supplied with a 
stabilized high voltage of -10 kV. 

[0058] The device was mounted at the back of a Peugeot® 406 HDI vehicle 

equipped with a catalyst, but from which the silencer had been removed. 

[0059] The tests were carried out on rolling roads according to the UDC 

(urban driving cycle) and EUDC (extra urban driving cycle) vehicle type- 
approval tests. The collection efficiency of the treatment device was measured by 

- 11 - 
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the weight difference between the raw emissions (without treatment device) and 
the emissions in the presence of treatment devices fitted at exhaust outlet. 

[0060] These tests were performed on the basis of standard NF EN ISO 

8178-1 to 8. 

[0061] These tests revealed unexpected results. In fact, the presence of 

stars made it possible to double the collection efficiency and achieve particularly 
high average values of the order of 80%. 

[0062] It will also be appreciated that the backpressure generated in this 

treatment device is minimal and does not increase as collecting structure 24 
becomes clogged. 

[0063] It should also be noted in this regard that it is relatively easy to 

clean the said collecting structure 24. In fact, all that is required is to withdraw 
the cartridge from casing 10 by sliding it in the latter, and then immerse it for 
example in an ultrasonic bath. 

[0064] As a variant, cleaning can be effected by incorporating an electrical 

resistance in collecting structure 24 for the purpose of burning the particles and 
regenerating the collecting structure 24 or by injecting air and aspirating by 
means of a Venturi system. 

[0065] Furthermore, increase in thickness of the metallic fabric of the said 

collecting structure 24 also makes it possible to lessen the noise produced by the 
gases during their passage through treatment device 1. 

- 12 - 
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[0066] It will further be appreciated that the said treatment device 1 

makes it possible to produce ozone, in particular by reducing, to an acceptable 
extent, the space between stars 32 and the collecting structure 24. This ozone 
has the advantageous effect of oxidizing certain gaseous compounds present in 
exhaust gases. 

[0067] The multi-stage treatment device 100 in Figure 2 includes, from 

upstream to downstream, i.e. between an inlet 102 and an outlet 103, a 
mechanical filter 110, an oxidation catalyst 120, a first electrostatic filter 130, a 
second electrostatic filter 130' and aspirating means 150. 

[0068] As with device 1 in Figure 1, it is a device for treating exhaust gases 

from a diesel engine. 

[0069] All of these elements are housed in two cylindrical casings 60, 60 f , 

heat-insulated at least at the location of filter 110 and of oxidation catalyst 120, 
which communicate with one another, and form, in the case of the motor vehicle 
in Figure 3, a part of the exhaust system between the exhaust manifold and the 
silencer of the said vehicle. 

[0070] In this case the mechanical filter 110 is fixed to a removable cover 

161, sealing the end upstream of the longitudinal cylindrical casing 160 and 
provided with the inlet 2. 

[0071] This mechanical filter 110 has two concentric cylinders made of 

perforated sheet metal 111, 112 having the form of a strainer. A heating 
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electrical resistance 113 and a multilayer metallic fabric 114 are placed between 
these two cylinders 111, 112. 

[0072] As can be seen in Figure 2, this mechanical filter 110 defines a 

forced channel for the exhaust gases entering the treatment device 1 via inlet 2. 

[0073] The electrical resistance 113 is known in itself, of the type having a 

temperature control. In this regard, a temperature-detecting probe 115 is 
provided in the region of filter 110. Furthermore, in the present case this 
resistance 113 is in the form of a spiral and surrounds the inner perforated 
cylinder 112. 

[0074] Moreover, it is intended to be supplied by the vehicle's battery to 

raise the temperature of the exhaust gases passing through mechanical filter 
110. 

[0075] The said mechanical filter 110 makes it possible, if necessary, to 

bring the exhaust gases up to the working temperature of the oxidation catalyst 
120, and trap at least a proportion of the particles contained in the exhaust gases 
and bring about their combustion. 

[0076] In this regard, in order to lower the temperature at which oxidation 

of the carbon-containing particles commences, the metallic fabric 114 is, in this 
case, coated with copper oxide. 
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[0077] In practice, the electrical resistance 113 will therefore be chosen for 

raising the temperature of the exhaust gases to at least 200-300°C, the 
maximum being between 700 and 800°C. 

[0078] The exhaust gases leaving the continuous -re generation mechanical 

filter 110 then pass through oxidation catalyst 120. The latter has a monolithic 
support made of ceramic or of metal and is mainly intended for ensuring the 
oxidation of carbon monoxide (CO), nitric oxide (NO) and hydrocarbons (HC). 

[0079] In this regard, if we wish to favour the oxidation of CO and 

hydrocarbons, to the detriment of NO, it would be possible to install an air inlet 
valve upstream of oxidation catalyst 120. In this case this air will also serve to 
favour combustion in filter 110. 

[0080] The exhaust gases leaving oxidation catalyst 120 will then be 

treated by the first corona-effect electrostatic filter 130, which is intended to trap 
at least a proportion of the particles contained in the exhaust gases that were not 
retained by mechanical filter 110. 

[0081] This electrostatic filter 130 has an emitting structure 131 upstream 

of a collecting structure 132. More precisely, the emitting structure comprises a 
perforated disk 133 that has metal stars 134 projecting from the face of disk 133 
opposite the oxidation catalyst 120. 

[0082] This perforated disk 133 is carried by a threaded rod 135 that 

extends axially and is carried by two disks 136a, 136b of perforated sheet metal 
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enclosing the collecting structure 132. These disks 136a, 136b are larger in 
diameter than disk 133 and fit snugly in casing 160. 

[0083] The downstream end of threaded rod 135 passes through a 

removable cover 162 sealing the downstream end of casing 160. This end is to be 
connected to a transformer box 163, which is to be connected to the vehicle's 
battery so that a stabilized high voltage (in practice about 110 kV) can be applied 
to electrostatic filter 130. 

[0084] In this regard, in order to isolate the emitting structure 131 from 

the collecting structure 132, the threaded rod 135 passes through the perforated 
disks 136a, 136b via ceramic insulators 137a-137c. 

[0085] Nuts 138a-138d are arranged on either side of insulators 137a-137c 

and of perforated disk 133 for joining together the disks 133, 136a and 136b and 
the threaded rod 135. Moreover, it will be observed, in the case of the present 
embodiment, that these disks 133, 136a and 136b extend perpendicularly to the 
threaded rod 135. 

[0086] The collecting structure 132, connected to earth here, comprises a 

metallic fabric 140, surrounding the insulator 137b and the rod 135, forming a 
plurality of cavities and extending between insulator 137b and the casing 160. 
As with metallic fabric 114, this last-mentioned fabric 140 is in this case 
multilayer. 
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[0087] As is also shown in Figure 2, the shafts carrying the stars 134 

extend axially. Furthermore, in this case these stars 134 have eight triangular 
arms. 

[0088] In addition, there is also provided, in the region of the first 

electrostatic filter 130, a system for cleaning by air, permitting regular cleaning 
before dismantling it for more thorough cleaning. This system includes, on the 
one hand, a non-return valve 141 for air injection at one of the ends of the 
receiving zone of the first electrostatic filter 130 and a connector 142 mounted on 
cover 162, to which aspirating means will be connected when it is desired to 
clean the electrostatic filter 130. 

[0089] By the action of electrostatic filter 130, the particles that were able 

to pass through mechanical filter 110 are charged and then attracted by the 
collecting structure 132, where they are trapped in the porous volume formed by 
the metallic fabric 140. 

[0090] Through the use of stars 134, the structure 131 forming the 

emitting electrode permits efficient charging of the particles, whereas the 
collecting structure 132 permits efficient retention of at least a proportion of the 
particles passing through electrostatic filter 130, within the cavities of fabric 
140. 

[0091] Furthermore, perforated disk 133 ensures optimum distribution of 

the exhaust gases prior to passage through the collecting structure 132. 
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[0092] The exhaust gases leaving the electrostatic filter then arrive in a 

pressure reduction chamber 164 formed by the zone located between the 
downstream end of electrostatic filter 130 and the cover 162. This chamber 164 
communicates by a cylindrical connector 65 with the interior of the cylindrical 
casing 160*, so as to convey the exhaust gases to the second electrostatic filter 
130'. 

[0093] The latter is similar to that shown in Figure 1, in that the emitting 

structure 131 f is formed by metal stars 134* mounted on a threaded rod 135\ 

[0094] These metal stars, also with eight arms here, are thus aligned on 

the axis of casing 160'. Furthermore, they have an angular offset relative to one 
another. 

[0095] In addition, there are perforated metal disks 136 f a, 136'b, insulators 

137'a-137'd and nuts 138'a-138'l. 

[0096] Moreover, collecting structure 132' is formed by a cylinder of 

perforated sheet metal 139' extending axially, surrounding the stars 134' and 
surrounded by a metallic fabric 140', forming a plurality of cavities. 

[0097] The emitting structure 131' is, in this case, also supplied with a 

stabilized high voltage (5 kV) by means of transformer box 163. 

[0098] On account of this second corona-effect electrostatic filter 130', it is 

possible for the exhaust gases to be treated once more in order to retain an 
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additional quantity of particles, in particular those that might have escaped from 
corona-effect electrostatic filter 130 by flying back up. 

[0099] It will also be noted that these electrostatic filters 130, 130' consist 

of cartridges that are easily installed in or removed from casings 160 and 160', 
respectively, after removing covers 162 and 162', respectively. 

[00100] To counter the backpressure effects that are harmful to proper 
operation of the engine, treatment device 1 preferably has aspirating means 150 
downstream of the second electrostatic filter 130 ? and before the outlet 3. These 
aspirate the exhaust gases circulating in the casings 160 and 160\ and comprise, 
for this purpose, an aspirating turbine 151 driven by a motor 152. 

[00101] As shown in Figure 3, the device for treating exhaust gases 1 is 
installed in the exhaust system of a diesel-engined motor vehicle 200, using 
known means of installation, between the exhaust manifold and the silencer 170 
of the said vehicle. 

[00102] Operation of the electrical resistance 113, transformer box 163 and 
the aspirating means 150 can be managed by the engine management systems 
that are already present on vehicle 200, by adapting them, or alternatively by an 
additional management system that is independent or is coupled to the existing 
systems. 

[00103] With a treatment device 1 of this type, the exhaust gases from the 
vehicle 4 are treated particularly efficiently, both from the standpoint of the 
gaseous pollutants and of the polluting particulates. Moreover, this device is 
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easily installed on vehicle 4 and is easy to maintain. Furthermore, its cost price 
is relatively moderate in relation to the advantages it provides. 

[00104] It will be noted in general that the treatment device of the present 
invention can be used for treating all types of exhaust gases from an internal 
combustion engine (diesel, petrol, gas) of any vehicle (car, boat, etc.). It can even 
be installed on a truck for treating the exhaust gases from a vehicle undergoing 
repairs in a garage, or in underground tunnels where the gaseous environment is 
laden with pollutants. 

[00105] Of course, the present application is in no way limited to the 
embodiment that was chosen and illustrated, but encompasses any variant 
within the capability of a person skilled in the art. 

[00106] In particular, the oxidation catalyst with monolithic support can be 
replaced with an oxidation catalyst with a particulate support or any other 
oxidation catalyst, such as a three-way catalytic converter, or can simply consist 
of an oxidation catalyst that is already present on the vehicle. 

[00107] In addition, it is possible to employ several electrostatic filters of 
the type shown in Figure 1, one after another, and if necessary in several 
cylindrical casings, if the cylinder capacity of the internal combustion engine so 
requires. It is also possible to use the first electrostatic filter 130 without the 
second electrostatic filter 130' and vice versa. 
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[00108] The cylinders of perforated sheet metal used in the embodiment of 
Figure 1 can also be replaced with cylinders made from wire mesh or from 
expanded metal. 

[00109] Other mechanical filters, such as in verted- V impact-type 
devesiculating filters or finishing filters, can supplement the treatment device 
100 in Figure 2 or replace filter 110 or one of the two electrostatic filters 130, 
130\ The use of these mechanical filters may be of interest for optimizing the 
distribution of the gases or for reducing the noise generated by the device at its 
outlet. 

[00110] The electrical resistance 113 can be replaced with a resistance 
having a different configuration. Discontinuous operation of the latter can also 
be envisaged. 

[00111] A system for cleaning with air can also be envisaged for cleaning 
the second electrostatic filter 130\ 
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5 The present invention relates to the treatment of a gaseous medium laden with 

particles and in particular of solid, liquid or gaseous pollutants or impurities contained in 
a gaseous medium, such as the exhaust gases from an internal combustion engine. 

A particular, but not exclusive, application is purification of the exhaust gases of a 
diesel engine. 

10 The pollutants issuing from exhaust systems include: 

- carbon compounds: CO, CO2; 

- nitrogen compounds: NO, N0 2 (usually called nitrogen oxides NO x ) etc., 

- organic compounds, such as hydrocarbons (HC) etc.; 

- sulphur compounds: S0 2 , SO3, etc.; 
1 5 - organic particles; 

- etc. 

Emissions of organic particles are especially characteristic of diesel engines and 
are composed of a carbon-containing material (soot), on which various organic species 
are adsorbed (SOF: Soluble Organic Fraction). 
20 Numerous methods and devices for treating the exhaust gases from an internal 

combustion engine have already been proposed previously. 

In particular, the use of oxidation catalysts on a particulate support or a monolithic 
support is known, especially for oxidizing CO and unburnt hydrocarbons. 

For the particles from diesel engines, there are also trapping systems that can be 
25 regenerated. 

Devices for treating gases employing corona-effect electrostatic filters are also 
known, in particular from 



documents EP-A-0299 197 (US-A-4 871 515) and US-A-4 478 613. 

The devices in these two documents operate according to different principles. 
Thus, in the case of the device to which the first of these two documents relates, the 
particles are to be trapped in a collecting structure, whereas with the device described in 
the second of these two documents the particles form agglomerates on the collecting 
structure which are then detached from this collecting surface and are entrained by the 
stream of gases circulating in the device, before being separated from the latter by means 
of a mechanical separator. 

The invention aims to improve the known treatment devices, in particular with 
respect to their efficiency. 

It also aims to provide a treatment device that is compact, inexpensive and easy to 
manufacture. 

To this end, it proposes a device for treating a particle-laden gaseous medium, 
having at least one corona-effect electrostatic filter comprising: 
a longitudinal casing; 

a longitudinal channel for the gases, extending in the casing and with its two opposite 
ends adjacent to the gas inlet and outlet of the electrostatic filter, respectively; 
an emitting structure extending longitudinally and roughly at the centre of the 
channel; and 

a collecting structure extending longitudinally between the channel and the casing 
and comprising a plurality of cavities forming sites for trapping the particles 
contained in the gaseous medium; 
characterized in that 

the emitting structure comprises a plurality of serrated plates arranged transversely to the 
longitudinal direction of the channel and forming points directed towards the collecting 
structure. 

A treatment device of this kind meets the requirements that have just been 
mentioned. In particular, this device proves to be especially efficient in terms of 
collection of particles, as will be 
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described in more detail later. 

For reasons of efficiency of collection and ease of manufacture, the serrated plates 
are constituted of stars that are to be connected to a circuit supplying a stabilized high 
voltage (several kV). 

5 A washer with a star-shaped central recess might, for example, also be suitable. 

Other solid or perforated geometric shapes preferably having a plurality of 

vertices directed towards the collecting structure can be arranged between these stars. 

These geometric shapes can, for example, consist of washers or rings perforated with 

holes of various diameters. 
10 A possible form of the circuit supplying a stabilized high voltage consists of 

providing a converter or transformer supplying a voltage between 0 and 1 5 kV controlled 

by a regulator. 

Preferably, the voltage applied is negative and greater than about 6 kV. 
Also for reasons of efficiency, the collecting structure preferably includes a 
15 separator or mat- type eliminator made from metal wire fabric. 

According to the preferred embodiment, the metallic fabric has a herringbone 
structure that facilitates penetration of the particles into the fabric. 

As a variant, it will also be possible to employ, for example, a collecting structure 
provided with grooves, channels, flutes etc. 
20 According to the preferred embodiment, the separator is of cylindrical shape and 

surrounds the serrated plates of the emitting structure, aligned on the axis of the 
cylindrical shape of the collecting structure. 

Advantageously, in this case, the emitting structure and the collecting structure are 
mounted on a supporting structure, with which they form a removable filter cartridge of 
25 the treatment device. 

In the case of a treatment device in which the gas inlet and outlet extend 
transversely to the longitudinal channel for the gases, the serrated plates are, preferably, 
carried by a rod connected to the circuit supplying a high voltage and which is carried, at 
each of its ends, by an insulator protected by a bell-shaped cover (bell). 
30 To increase the efficiency of collection, the treatment device can, advantageously, 

have a second electrostatic filter, original in itself, and having metal stars carried by one 
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face of a perforated metal disk connected to the circuit supplying a stabilized high voltage 
and mounted upstream of a separator of cylindrical shape, made from a metal wire fabric. 

For treating the gaseous pollutants, the treatment device preferably also has an 
oxidation catalyst with a monolithic support upstream of the electrostatic filter or filters. 
5 This treatment device can also include a mechanical filter upstream of the 

electrostatic filter or filters and, if appropriate, of the oxidation catalyst, for example for 
retaining oily emulsions by using a devesiculating filter, for example of the inverted-V 
impact type. 

In accordance with a configuration that is original in itself, the mechanical filter 
10 comprises a metal mesh filter, i.e. it is made from a metal wire fabric or metallic fabric, 
defining a forced channel for the gaseous medium entering the treatment device and 
associated with an electrical resistance for raising the temperature of the gaseous medium. 

This filtering structure makes it possible to raise the temperature of the gaseous 
medium to the working temperature of the oxidation catalyst. In particular, however, it 
15 provides a treatment device that is especially compact, by causing combustion of particles 
retained in the filter. The result of this is that a smaller quantity of particles has to be 
treated by the electrostatic filter or filters, and it is therefore possible to reduce the size of 
the treatment device. 

The said treatment device can also be provided with an inlet for air for oxidation 
20 and/or an inlet for air for cleaning. 

To combat the backpressure effects that adversely affect the operation of an 
internal combustion engine and are associated with a device of this type, the latter can 
also be provided with aspirating means downstream of the electrostatic filter or filters. 

In the preferred embodiment, the treatment device has, in addition, at least one 
25 cylindrical casing for housing the electrostatic filter or filters and, if appropriate, the 
oxidation catalyst and/or the mechanical filter. 

The present invention relates, finally, to a vehicle equipped with a treatment 
device as defined above. 

Other objects, characteristics and advantages of the present invention will become 
30 clear from the description given below, which refers to the appended drawings in which: 
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Figure 1 is a schematic diagram of a device for treating exhaust gases according to a 
preferred embodiment of the present invention, 

Figure 2 is a schematic diagram of a device for treating exhaust gases in several 
stages, according to another embodiment of the present invention; and 
5 - Figure 3 is a diagram illustrating a motor vehicle equipped with the device shown in 
Figure 2. 

Before proceeding to describe these diagrams, we shall briefly recall the operating 
principle of a corona-effect electrostatic filter. 

An electrostatic filter of this type is based on a combination of the aspect of 
10 particle charging by creating ions, and collection of the particles under the action of a 
local electric field. The energy for this phenomenon of excitation and ionization can be 
supplied by electromagnetic radiation or by transfer of kinetic energy by impacts. 

The corona effect corresponds to ionization of the gas when the electric field 
reaches a breakdown gradient. 
15 The device 1 for treating the exhaust gases from an internal combustion engine in 

Figure 1 has at least one longitudinal cylindrical casing 10 closed at its ends by two 
covers 11 and 12 and which houses a cartridge 20 provided with a corona-effect 
electrostatic filter. 

This cartridge 20 has a cylindrical cage 21 made of perforated sheet metal forming 
20 the casing of the said cartridge. Two diametrically opposite openings 22 and 23 are made 
in the said cage 21 to allow the gases to enter and leave cartridge 20. These openings 22 
and 23 communicate with corresponding channels of casing 10 for gas inlet and outlet. 
Each of these openings 22 and 23 is, in addition, arranged in the longitudinal direction of 
cartridge 20, between a collecting structure 24 and an insulator 25, 26 carrying the 
25 emitting structure 27 of the corona-effect electrostatic filter. 

The collecting structure 24 is made in one piece from metal wire fabric, 
surrounding the emitting structure 27 between the two openings 22 and 23. In this way it 
delimits a longitudinal cylindrical channel 28 for the gases, the two opposite ends of 
which are adjacent to the two openings 22 and 23. The metallic fabric of the said 
30 collecting structure 24 has, in addition, a plurality of cavities forming sites for trapping 



the particles contained in the gaseous medium passing through channel 28, as will be 
described in more detail later. 

Furthermore, the herringbone structure of this fabric facilitates penetration of the 
particles into the bulk of the fabric. 

The emitting structure 27 has a central rod 29 that extends axially and is carried 
by the insulators 25 and 26 that it passes over. At one of its ends it has a terminal 30 for 
connection to a circuit supplying a stabilized high voltage (not shown in Figure 1) of the 
type comprising a converter that supplies a negative voltage between 0 and 15 kV, 
controlled by means of a regulator. The said converter is to be connected to the battery of 
a vehicle to which treatment device 1 is fitted. 

An opening 31 made in cover 11 permits passage of a connecting cable from 
terminal 30 to the said high-voltage circuit. Cage 21, and therefore collecting structure 24, 
are for their part connected to earth. 

In the embodiment illustrated in Figure 1, the serrated plates forming emitting 
components, mounted on rod 29, are made up of several metallic stars 32, i.e. a solid 
central support provided at its periphery with triangular arms whose points are directed 
towards collecting structure 24. The said stars 32 are arranged transversely to the 
longitudinal direction of channel 28 and the first one of them is located opposite gas inlet 
hole 22. Here, the number of arms is eight. 

Furthermore, the said stars 32 alternate with metal washers or rings 33 that are 
perforated with holes of various diameters. Here, these washers or rings 33 have the same 
diameter as the stars 32 and are mounted on rod 29 so as to be arranged transversely to 
the longitudinal direction of channel 28. 

The insulators 25 and 26 are made of vitrified ceramic and each has an end disk 
34, 35 covering the openings defined by cage 21 at its two longitudinal ends. A tubular 
central part 36, 37 surrounds rod 29 and extends the corresponding disk 34, 35 towards 
the interior of cage 21. The outside diameter of each of these tubular parts 36, 37 is less 
than that of the disks 34, 35. 

In addition, a bell 38, 39 is fixed on each of these tubular parts 36, 37, on the side 
of the latter opposite the side with connection to the respective disk 34, 35. 
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These bells 38, 39, with diameter smaller than that of disks 34, 35, are close to the 
openings 22 and 23 and have the function of protecting the insulators 25 and 26 from the 
particle-laden gaseous medium. 

Each of the tubular parts 36, 37 of insulators 25 and 26 is, in addition, also 
5 protected by two concentric deflectors surrounding the said tubular parts 36, 37. 

The deflectors fixed respectively to disk 34 and to bell 38 have the numerical 
designations 40 and 41 whereas the deflectors fixed respectively to disk 35 and to bell 39 
have the numerical designations 42 and 43. Each pair of concentric deflectors thus forms 
a baffle for the flow of gas in cartridge 20. 
10 Finally, a handle 44 fixed to disk 35 permits easy withdrawal of cartridge 20 from 

casing 10. 

In operation, the stars 32 not only act as emitting structures of the corona-effect 
electrostatic filter, but also make it possible to generate turbulence and local 
perturbations, notably having the effect of deflecting the particles towards the collecting 

15 structure 24 while accelerating them, though without causing particles already trapped in 
the said collecting structure 24 to fly up again. 

The said turbulence and perturbations are increased by the presence of the 
perforated washers or rings 33 arranged between the stars 32. 

The efficiency of such a system was measured in the presence and in the absence 

20 of stars. In both cases, the treatment device was without washers or rings, of the type 
bearing the numerical designation 33 in Figure 1. The treatment device that was tested 
consisted of a metal casing containing two metallic filter cartridges of the type bearing the 
numerical designation 20 in Figure 1. The electrostatic filters of these cartridges was 
supplied with a stabilized high voltage of -10 kV. 

25 The device was mounted at the back of a Peugeot® 406 HDI vehicle equipped 

with a catalyst, but from which the silencer had been removed. 

The tests were carried out on rolling roads according to the UDC (urban driving 
cycle) and EUDC (extra urban driving cycle) vehicle type-approval tests. The collection 
efficiency of the treatment device was measured by the weight difference between the 

30 raw emissions (without treatment device) and the emissions in the presence of treatment 
devices fitted at exhaust outlet. 
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These tests were performed on the basis of standard NF EN ISO 8178-1 to 8. 

These tests revealed unexpected results. In fact, the presence of stars made it 
possible to double the collection efficiency and achieve particularly high average values 
of the order of 80%. 

5 It will also be appreciated that the backpressure generated in this treatment device 

is minimal and does not increase as collecting structure 24 becomes clogged. 

It should also be noted in this regard that it is relatively easy to clean the said 
collecting structure 24. In fact, all that is required is to withdraw the cartridge from casing 
10 by sliding it in the latter, and then immerse it for example in an ultrasonic bath. 

10 As a variant, cleaning can be effected by incorporating an electrical resistance in 

collecting structure 24 for the purpose of burning the particles and regenerating the 
collecting structure 24 or by injecting air and aspirating by means of a Venturi system. 

Furthermore, increase in thickness of the metallic fabric of the said collecting 
structure 24 also makes it possible to lessen the noise produced by the gases during their 

15 passage through treatment device 1 . 

It will further be appreciated that the said treatment device 1 makes it possible to 
produce ozone, in particular by reducing, to an acceptable extent, the space between stars 
32 and the collecting structure 24. This ozone has the advantageous effect of oxidizing 
certain gaseous compounds present in exhaust gases. 

20 The multi-stage treatment device 100 in Figure 2 includes, from upstream to 

downstream, i.e. between an inlet 102 and an outlet 103, a mechanical filter 110, an 
oxidation catalyst 120, a first electrostatic filter 130, a second electrostatic filter 130' and 
aspirating means 150. 

As with device 1 in Figure 1, it is a device for treating exhaust gases from a diesel 

25 engine. 

All of these elements are housed in two cylindrical casings 60, 60', heat-insulated 
at least at the location of filter 110 and of oxidation catalyst 120, which communicate 
with one another, and form, in the case of the motor vehicle in Figure 3, a part of the 
exhaust system between the exhaust manifold and the silencer of the said vehicle. 
30 In this case the mechanical filter 110 is fixed to a removable cover 161, sealing 

the end upstream of the longitudinal cylindrical casing 160 and provided with the inlet 2. 
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This mechanical filter 110 has two concentric cylinders made of perforated sheet 
metal 111, 112 having the form of a strainer. A heating electrical resistance 113 and a 
multilayer metallic fabric 1 14 are placed between these two cylinders 111, 112. 

As can be seen in Figure 2, this mechanical filter 110 defines a forced channel for 
5 the exhaust gases entering the treatment device 1 via inlet 2. 

The electrical resistance 113 is known in itself, of the type having a temperature 
control. In this regard, a temperature-detecting probe 115 is provided in the region of 
filter 110. Furthermore, in the present case this resistance 113 is in the form of a spiral 
and surrounds the inner perforated cylinder 112. 
10 Moreover, it is intended to be supplied by the vehicle's battery to raise the 

temperature of the exhaust gases passing through mechanical filter 110. 

The said mechanical filter 110 makes it possible, if necessary, to bring the exhaust 
gases up to the working temperature of the oxidation catalyst 120, and trap at least a 
proportion of the particles contained in the exhaust gases and bring about their 
15 combustion. 

In this regard, in order to lower the temperature at which oxidation of the carbon- 
containing particles commences, the metallic fabric 114 is, in this case, coated with 
copper oxide. 

In practice, the electrical resistance 113 will therefore be chosen for raising the 
20 temperature of the exhaust gases to at least 200-3 00°C, the maximum being between 700 
and 800°C. 

The exhaust gases leaving the continuous-regeneration mechanical filter 110 then 
pass through oxidation catalyst 120. The latter has a monolithic support made of ceramic 
or of metal and is mainly intended for ensuring the oxidation of carbon monoxide (CO), 
25 nitric oxide (NO) and hydrocarbons (HC). 

In this regard, if we wish to favour the oxidation of CO and hydrocarbons, to the 
detriment of NO, it would be possible to install an air inlet valve upstream of oxidation 
catalyst 120. In this case this air will also serve to favour combustion in filter 1 10. 

The exhaust gases leaving oxidation catalyst 120 will then be treated by the first 
30 corona-effect electrostatic filter 130, which is intended to trap at least a proportion of the 
particles contained in the exhaust gases that were not retained by mechanical filter 110. 
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This electrostatic filter 130 has an emitting structure 131 upstream of a collecting 
structure 132. More precisely, the emitting structure comprises a perforated disk 133 that 
has metal stars 134 projecting from the face of disk 133 opposite the oxidation catalyst 
120. 

5 This perforated disk 133 is carried by a threaded rod 135 that extends axially and 

is carried by two disks 136a, 136b of perforated sheet metal enclosing the collecting 
structure 132. These disks 136a, 136b are larger in diameter than disk 133 and fit snugly 
in casing 160. 

The downstream end of threaded rod 135 passes through a removable cover 162 
10 sealing the downstream end of casing 160. This end is to be connected to a transformer 
box 163, which is to be connected to the vehicle's battery so that a stabilized high voltage 
(in practice about 110 kV) can be applied to electrostatic filter 130. 

In this regard, in order to isolate the emitting structure 131 from the collecting 
structure 132, the threaded rod 135 passes through the perforated disks 136a, 136b via 
15 ceramic insulators 137a-137c. 

Nuts 138a-138d are arranged on either side of insulators 137a-137c and of 
perforated disk 133 for joining together the disks 133, 136a and 136b and the threaded 
rod 135. Moreover, it will be observed, in the case of the present embodiment, that these 
disks 133, 136a and 136b extend perpendicularly to the threaded rod 135. 
20 The collecting structure 132, connected to earth here, comprises a metallic fabric 

140, surrounding the insulator 137b and the rod 135, forming a plurality of cavities and 
extending between insulator 137b and the casing 160. As with metallic fabric 114, this 
last-mentioned fabric 140 is in this case multilayer. 

As is also shown in Figure 2, the shafts carrying the stars 134 extend axially. 
25 Furthermore, in this case these stars 134 have eight triangular arms. 

In addition, there is also provided, in the region of the first electrostatic filter 130, 
a system for cleaning by air, permitting regular cleaning before dismantling it for more 
thorough cleaning. This system includes, on the one hand, a non-return valve 141 for air 
injection at one of the ends of the receiving zone of the first electrostatic filter 130 and a 
30 connector 142 mounted on cover 162, to which aspirating means will be connected when 
it is desired to clean the electrostatic filter 130. 
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By the action of electrostatic filter 130, the particles that were able to pass through 
mechanical filter 110 are charged and then attracted by the collecting structure 132, where 
they are trapped in the porous volume formed by the metallic fabric 140. 

Through the use of stars 134, the structure 131 forming the emitting electrode 
5 permits efficient charging of the particles, whereas the collecting structure 132 permits 
efficient retention of at least a proportion of the particles passing through electrostatic 
filter 130, within the cavities of fabric 140. 

Furthermore, perforated disk 133 ensures optimum distribution of the exhaust 
gases prior to passage through the collecting structure 132. 
10 The exhaust gases leaving the electrostatic filter then arrive in a pressure reduction 

chamber 164 formed by the zone located between the downstream end of electrostatic 
filter 130 and the cover 162. This chamber 164 communicates by a cylindrical connector 
65 with the interior of the cylindrical casing 160*, so as to convey the exhaust gases to the 
second electrostatic filter 130\ 
15 The latter is similar to that shown in Figure 1, in that the emitting structure 13 T is 

formed by metal stars 134' mounted on a threaded rod 135\ 

These metal stars, also with eight arms here, are thus aligned on the axis of casing 
160'. Furthermore, they have an angular offset relative to one another. 

In addition, there are perforated metal disks 136'a, 136'b, insulators 137'a-137'd 
20 and nuts 138V1381. 

Moreover, collecting structure 132' is formed by a cylinder of perforated sheet 
metal 139* extending axially, surrounding the stars 134* and surrounded by a metallic 
fabric 140', forming a plurality of cavities. 

The emitting structure 131' is, in this case, also supplied with a stabilized high 
25 voltage (5 kV) by means of transformer box 163. 

On account of this second corona-effect electrostatic filter 130', it is possible for 
the exhaust gases to be treated once more in order to retain an additional quantity of 
particles, in particular those that might have escaped from corona-effect electrostatic filter 
130 by flying back up. 
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It will also be noted that these electrostatic filters 130, 130 1 consist of cartridges 
that are easily installed in or removed from casings 160 and 160\ respectively, after 
removing covers 162 and 162', respectively. 

To counter the backpressure effects that are harmful to proper operation of the 
engine, treatment device 1 preferably has aspirating means 150 downstream of the second 
electrostatic filter 130' and before the outlet 3. These aspirate the exhaust gases 
circulating in the casings 160 and 160', and comprise, for this purpose, an aspirating 
turbine 151 driven by a motor 152. 

As shown in Figure 3, the device for treating exhaust gases 1 is installed in the 
exhaust system of a diesel-engined motor vehicle 200, using known means of installation, 
between the exhaust manifold and the silencer 170 of the said vehicle. 

Operation of the electrical resistance 113, transformer box 163 and the aspirating 
means 150 can be managed by the engine management systems that are already present 
on vehicle 200, by adapting them, or alternatively by an additional management system 
that is independent or is coupled to the existing systems. 

With a treatment device 1 of this type, the exhaust gases from the vehicle 4 are 
treated particularly efficiently, both from the standpoint of the gaseous pollutants and of 
the polluting particulates. Moreover, this device is easily installed on vehicle 4 and is easy 
to maintain. Furthermore, its cost price is relatively moderate in relation to the advantages 
it provides. 

It will be noted in general that the treatment device of the present invention can be 
used for treating all types of exhaust gases from an internal combustion engine (diesel, 
petrol, gas) of any vehicle (car, boat, etc.). It can even be installed on a truck for treating 
the exhaust gases from a vehicle undergoing repairs in a garage, or in underground 
tunnels where the gaseous environment is laden with pollutants. 

Of course, the present application is in no way limited to the embodiment that was 
chosen and illustrated, but encompasses any variant within the capability of a person 
skilled in the art. 

In particular, the oxidation catalyst with monolithic support can be replaced with 
an oxidation catalyst with a particulate support or any other oxidation catalyst, such as a 
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three-way catalytic converter, or can simply consist of an oxidation catalyst that is already 
present on the vehicle. 

In addition, it is possible to employ several electrostatic filters of the type shown 
in Figure 1, one after another, and if necessary in several cylindrical casings, if the 
5 cylinder capacity of the internal combustion engine so requires. It is also possible to use 
the first electrostatic filter 130 without the second electrostatic filter 130' and vice versa. 

The cylinders of perforated sheet metal used in the embodiment of Figure 1 can 
also be replaced with cylinders made from wire mesh or from expanded metal. 

Other mechanical filters, such as inverted-V impact-type devesiculating filters or 
10 finishing filters, can supplement the treatment device 100 in Figure 2 or replace filter 110 
or one of the two electrostatic filters 130, 130'. The use of these mechanical filters may be 
of interest for optimizing the distribution of the gases or for reducing the noise generated 
by the device at its outlet. 

The electrical resistance 113 can be replaced with a resistance having a different 
15 configuration. Discontinuous operation of the latter can also be envisaged. 

A system for cleaning with air can also be envisaged for cleaning the second 
electrostatic filter 130\ 



1 n-n"7 , "n j qi:-?p- *rr? 11 ^os 

14 



CLAIMS 

1. A device for treating a particle-laden gaseous medium, having at least one 
corona-effect electrostatic filter (20; 130') comprising: 

a longitudinal casing; 

a longitudinal channel (28) for the gases, extending in the casing and with its two 
opposite ends adjacent to the gas inlet (22) and outlet (23) of the electrostatic filter, 
respectively; 

an emitting structure (32, 134') extending longitudinally and roughly at the centre of 
the channel; and 

a collecting structure (24; 140') extending longitudinally between the channel and the 
casing and comprising a plurality of cavities forming sites for trapping the particles 
contained in the gaseous medium; 
characterized in that 

the emitting structure comprises a plurality of serrated plates (32; 134') arranged 
transversely to the longitudinal direction of the channel and forming points directed 
towards the collecting structure (24; 140'). 

2. A treatment device according to claim 1, characterized in that the serrated 
plates are constituted of stars that are to be connected to a circuit supplying a stabilized 
high voltage. 

3. A treatment device according to claim 1 or 2, characterized in that the 
collecting structure comprises a separator made from metal wire fabric. 

4. A treatment device according to claim 3, characterized in that the separator is of 
cylindrical shape and surrounds the serrated plates of the emitting structure, aligned on 
the axis of the cylindrical shape of the collecting structure. 

5. A, treatment device according to any one of the claims 1 to 4, characterized in 
that the emitting structure and the collecting structure are mounted on a supporting 
structure with which they form a removable filter cartridge of the treatment device. 

6. A treatment device according to any one of the claims 1 to 5, characterized in 
that the serrated plates alternate with perforated washers or rings (33) that are arranged 
transversely to the longitudinal direction of the channel. 
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7. A treatment device according to any one of the claims 1 to 6, characterized in 
that it has a gas inlet and outlet extending transversely to the longitudinal channel for 
these gases, and the serrated plates are carried by a rod connected to a circuit that supplies 
a stabilized high voltage and which is carried, at each of its ends, by an insulator 

5 protected by a bell. 

8. A treatment device according to any one of the claims 1 to 7, characterized in 
that it has a second electrostatic filter having metal stars carried by one face of a 
perforated metal disk (133) connected to the circuit supplying a stabilized high voltage 
and mounted upstream of a separator (132) of cylindrical shape, made from a metal wire 

10 fabric. 

9. A treatment device according to any one of the claims 1 to 8, characterized in 
that it has an oxidation catalyst (120) with monolithic support, upstream of the 
electrostatic filter or filters. 

10. A treatment device according to any one of the claims 1 to 9, characterized in 
15 that it has a mechanical filter (110) upstream of the electrostatic filter or filters and, if 

appropriate, of the oxidation catalyst (120). 

1 1. A treatment device according to claim 10, characterized in that the mechanical 
filter (110) comprises a metal mesh filter (1 14), defining a forced channel for the gaseous 
medium entering the treatment device and associated with an electrical resistance (113) 

20 that is able to raise the temperature of the gaseous medium. 

12. A treatment device according to any one of the claims 1 to 1 1, characterized in 
that it has an inlet for oxidation air and/or an inlet for cleaning air (141). 

13. A treatment device according to any one of the claims 1 to 12, characterized in 
that it has aspirating means (150) downstream of the electrostatic filter or filters (130, 

25 130'). 

14. A treatment device according to any one of the claims 1 to 13, characterized in 
that it has at least one cylindrical casing for housing the electrostatic filter or filters and, if 
appropriate, the oxidation catalyst (120) and/or the mechanical filter (110). 

15. Use of a treatment device as defined by any one of the claims 1 to 14 for 
30 treating exhaust gases from an internal combustion engine. 
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16. A vehicle equipped with a treatment device as defined by any one of the 
claims 1 to 15. 
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(57) Abstract: The invention concerns a device comprising at least an electrostatic filter (20) with corona effect comprising an emit- 
ting structure (29, 32, 33) and a collector structure (24). The invention is characterised in that the collector structure (24) comprises a 
plurality of cavities trapping the particles contained in the gas medium, such as gases of an internal combustion engine. The emitting 
structure (29, 32, 33) comprises a plurality of serrated plates such as ratchets (32) designed to be connected to a high voltage circuit 
Preferably, the collector structure (24) comprises a separator formed of a wire mesh. Advantageously, said device is associated with 
an oxidation catalytic converter and/or a continuously regenerating mechanical filter and/or suction means. 

(57) Abrege: Le dispositif comporte au moins un electrofilue (20) a effet couronne comportant une structure emissive (29, 32, 33) 
et une structure collectrice (24), caracterise en ce que la structure collectrice (24) comporte une pluralite de cavites piegeant les 
particules contenues dans le milieu gazeux, tel que des gaz d'echappement d'un moteur a combustion interne. La structure emissive 
(29, 32, 33) comporte une pluralite de plaques dentelees telles que des etoiles (32), destinees a etre reliees a un circuit haute tension. 
De preference, la structure collectrice (24) comporte un separateur realise a partir d'un tricot en fil metallique. Avantageusement, ce 
dispositif est associe a un catalyseur d'oxydation et/ou a un filtre mexanique a regeneration en continu et/ou a des moyens d*aspira- 
tion. 
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PCT ayant une date de depdt precedant celle de la demande a 
propos de laquelle une priority est revendiquee. 

Prior foreign applicatton<s) 
Demande(s) de brevet anterteure(s) 

9911474 FRANCF, 

(Number) 
(Numero) 



(Country) 
(Pays) 



(Number) 
(Numero) 



(Country) 
(Pays) 



Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 1 19(e) du Code des Etats-Unis, de toute demande de brevet 
provisoire efFeehiee aux Etats-Unis et figurant ci-dessous. 



(Filing Date) 
(Date de depot) 

(Filing Date) 
(Date de depot) 



(Application No.) 
(hr de demande) 

(Application No.) 
{N* de demande) 

Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 120 du Code des Etats-Unis, de toute demande de brevet 
effectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 
memc Code, de toute demande international c PCT designant les 
Etats-Unis et figurant ci-dessous et, dans la mesure ou Fobjet de 
chacune des revindications de cette demande de brevet n'est pas 
divutgue dans la demande antetieurc amdricatne ou Internationale 
PCT, en vertu des dispositions du premier paragraphe du Titre 
35, § 112 du Code des Etats-Unis, je reconnats devoir divulguer 
toute information perdnente a la brevetabilitc, comme defmi dans 
le Titre 37, § 1.56 du Code federal des regimentations, door j*ai 
pu disposer entre la date de depot de la demande anterieure et la 
date de depdt de la demande nationale ou Internationale PCT de 
la presente demande: 



(Filing Date) 
(Date de depot) 

(Filing Date) 
(Date de depot) 



(Application No.) 
(Nr de demande) 

(Application No.) 
(N* de demande) 

Je declare par le present acte que toute declaration ci-incluse est, 
a ma connaissance, vendtque et que toute declaration formulee 
a partir de renseignements ou de suppositions est tcnue pour 
veridtque; et de plus, que toutes ces declarations ont et£ 
formulees en sachant que toute fausse declaration volomaire ou 
son equivalent est passible d*une amende ou d*une incarceration, 
ou des deux, en vertu de la Section 1001 du Titre 18 du Code des 
Etats-Unis, et que de telles declarations volontairement fausses 
risquent de compromettre la validite de la demande de brevet ou 
du brevet delivre a partir de celle-ci 



1 hereby claim foreign priority under Title 35, United States 
Code, § 1 19(aXd) or § 365 (b) of any foreign application^) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below, and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



14/09/1999 



(Day/Month/Year Filed) 
(Jour/Mois/Annee de depdt) 

(DayMonth/Year Filed) 
(Jour/Mois/Annec de depdt) 



Priority Claimed 
Droit de priority reyendiquj 



□ 



I hereby claim the benefit under Title 35, United States Code, § 
1 1 9(e) of any United States provisional application^) listed 
below. 



I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States application^), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of eaeh of the claims of 
this application is not disclosed in die prior United States or PCT 
International application in the manner provided by the first 
paragraph ofHtle 35, United States Code, §112,1 acknowledge 
Ute duty to disclose information which is material to patentability 
as denned in Title 37, Code of Federal Regulations, § 1 .56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of this 
application. 



(Status) (patented, pending, abandoned) 
(Statut) (breveted en cours d'examen, abandonee) 

(Status) (patented, pending, abandoned) 
(Statut) (brevete, en cours d'examen, abandonne) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 00 1 of Title 18 of me 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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French Language Declaration 

POUVOIRS: En tant que rinventeur cite, je designe par la POWER OF ATTORNEY: As a named inventor, I hereby 
presents V<les) avocat(s) et/ou agent(s) suivant(s) pour quits appoint the jfottowing attorneys) and/or agent(s) to prosecute this 
poursuive(M) la procedure de cette demands de brevet et application and transact all bustne^ tn the Patent and Trademark 
traite(nt) toute afTaire s*y rapportant avec I'OtTice des brevets et Office connected therewith: (list name and registration number) 
des marques: (mentionner le nom et le numiro 
d'enregistretnent). 

Herbert I. Cantor, Reg. No. 24,392; James F. McKeown, Reg. No. 25,406; Donald D. Evenson, Reg. No.^6,160, Joseph D. Evans, 
Reg. No. 26,262; Gary R. Edwards, Reg. No. 31_,824iand Jeffrey D. Sanok, Reg. No.32JL69 (^7 >T 
Adresser toute correspondence a: Crowell & Moring, LLP Send Correspondence to: ^<±L^ 

P.O. Box 14300 

Washington, DC 20044-4300 

Adresser tout appel telephoni que a: Direct Telephone Calls to: 
(nom et numiro de telephone) Telephone: (202) 624-2500 (name and telephone number) 

Facsimile: (202)628-8844 


Nom compiet de Tunique ou premte^invenietn: 


Full name of sole or first inventor ^ 


Signature de rinvcnteur / ^Jrrx Date^A^^ 4 * 0 ^ 


Inventor's signature / Xlj Bate \ \+*-*\**is 


Domicile 


Residence ~~ZL-Q V* 
30100 ALES Jrance J <V \ 


Nationalite 


Citizenship 
French 


Adrcssc postale 


FSfm^enmtlvlalon, 30100 ALES, France 






Nom complet du second co-inventeur, le cas exheant 


Full name of second joint inventor, if any 


Signature du second inventeur Date 


Second Inventor's signature Date 


Domicile 


Residence 


Nationalite 


Citizenship 


Adresse postale 


Post Office Address 






(ftnirnirleamemra co- (Supply similar information and signature for third and 
inventeur supplementatre.) subsequent joint inventors.) 
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